This paper describes the acoustic properties of a range of epoxy resins prepared by photocuring that are suitable for application in piezoelectric ultrasonic transducer matching layers. Materials, based on blends of digylcidyl ether of Bisphenol A and 1,4-cyclohexanedimethanol diglycidyl ether, are described. Furthermore, in order to vary the elastic character of the base resin, samples containing polymer microspheres or barium sulphate particles are also described. The acoustic properties of the materials are determined by a liquid coupled through transmission methodology, capable of determining the velocity and attenuation of longitudinal and shear waves propagating in an isotropic layer. Measured acoustic properties are reported which demonstrate materials with specific acoustic impedance varying in the range 0.88 -6.25 MRayls.
I. INTRODUCTION
Piezoelectric transducers are used in a wide variety of ultrasonic applications in biomedicine, sonar and non-destructive evaluation. Typically, the properties of the transducer front end can be tailored to the specific task through appropriate design of acoustic matching layers and backing block to promote efficient and wideband operation. DeSilets et al [1] described a number of relationships for determining the required specific acoustic impedance of the matching layer (s) given the impedance of the transducer and load. For example, in the case of a transducer operating into a relatively low impedance load, such as water or biological tissue, it is commonplace to add a quarter wavelength matching layer whose impedance is determined from the geometric mean of the transducer and the load [1] . Where a wideband transducer is required, a single quarter wavelength matching layer should ideally possess a specific acoustic impedance,
Where Z 1 and Z 2 represent the impedance of the piezoelectric element and the load, respectively.
More recently, Cannata et al [2] showed that for a system comprising two matching layers, the ideal inner, Z m1 , and outer, Z m2 , are found to be:
  Such relationships typically reflect some kind of theoretical optimality. However, in practice the availability of suitable materials with the desired specific acoustic impedance will govern the transducer design, resulting in some compromise being implemented, employing materials with the closest available match in terms of the specific acoustic impedance. In addition to matching layers applied to liquid, tissue or solid coupled probes, appropriately designed matching layers can be employed to facilitate gas coupling of piezoelectric devices. Various materials have been cited in the literature for use as air or gas coupled matching layers, such as silicone rubber [3, 4] or aero-gels of silica [5, 6] , with varying degrees of success.
In general, the motivation for acoustic matching is to enhance sensitivity or bandwidth of the piezoelectric transducer in a given application. Acoustic matching can be designed using discrete layers [1, 2] or by employing a continuously varying impedance profile within the layer [7] . A recent study by the authors [8, 9] proposed a matching material that can be envisaged as a series of discrete layers wherein each layer possesses a slightly different acoustic impedance. Such a matching layer exhibits a profile of acoustic impedances through the thickness dimension, ranging from an acoustic impedance close to that of the transducer at the transducer side to an acoustic impedance close to the load at the load side of the layer. The impedance gradient of the matching layer is designed using a Chebyshev polynomial approach in order to reduce the degrees of freedom and arrive at an algorithm for a device design. Transducers designed using this approach can exhibit a threefold improvement, in terms of bandwidth, when compared to the standard single matching-layer design [9] .
Polymer resins can be employed to manufacture layers with impedances in the range 2-3 MRayls [2, 10, 11] . In order to obtain materials exhibiting increased specific acoustic impedance, 0-3 connectivity composite materials, comprising a polymer resin and a particulate filler, can be used [12, 13, 14] . The properties of the 0-3 composite obey a standard mixing rule [12, 13] .
In this paper, a methodology is described to realise polymer materials with a range of elastic properties that are suitable for application in piezoelectric transducer and array assemblies. The approach allows the fabrication of polymer materials by successively photocuring thin layers of polymer [15, 16] . The photocuring method can produce samples of homopolymers or a blend of homopolymers. Selection of a suitable particle filler also enables loaded systems to be produced.
The materials investigated are based upon the glycidyl ether of bisphenol A (BisA) and the less well known 1,4-cyclohexanedimethanol diglycidyl ether (CHDG). BisA produces a rigid high glass transition [T g ] material on cure whereas CHDG cures to a more flexible lower T g material.
Combining these two basic resins systems allows the possibility of creating layers with acoustic properties designed to achieve optimum matching of the transducer to the media. The acoustic properties of BisA, cured with various amines, has been reported by a number of workers [17, 18, 19, 20, 21, 22] . In the case of a photo cured epoxy resin system there is no additional aminecuring reagent, only a photo catalyst. Consequently, the physical properties of the materials in the current context will be very different from those of the amine cured materials previously investigated. Moreover, the method that is described in this paper cures the epoxy resin via opening of the epoxy rings to form an ether linked polymer backbone [15, 16] . The structure of these polymers is therefore very different from those created by the conventional amine cure reaction, where the polymer backbone contains carbon nitrogen linkages. The use of blends of epoxy amine resins to vary the acoustic impedance of the passive phase in fabrication of piezoelectric composite transducers has been reported [23, 24] . Significant variations in the acoustic impedance were achieved by variation of the composition of the blend. The photopolymerisation method described here for the creation of epoxy resins has the advantage of allowing the rapid creation of micron thin films [15, 16] . The samples presented have been formed in film format with thicker layers created by multiple progressive layer deposition.
In the following Section the materials and methodology employed to generate photo-cured epoxy resins are described. This is followed by a description of the method to carry out through transmission acoustic characterisation of the photo-cured materials. The results of the acoustic measurements are supported by dynamic mechanical thermal analysis (DMTA) and differential scanning calorimetry (DSC), in order to elucidate the behaviour of the materials as a function of temperature. Finally, in order to investigate the modification of the elastic character of the base resins, materials comprising low density gas filled microspheres or high density particulates encapsulated in a polymer resin are described. Incorporation of high density particles into the base resin allows, in principle, the acoustic impedance to be increased through an increase in the density and the propagation velocity. Likewise, the incorporation of hollow spheres creates the possibility of lowering the acoustic impedance. However, dispersing particulate materials in a resin, can create scattering effects which can make prediction of the effects of changes in the acoustic properties difficult.
II. PREPARATION OF PHOTO-CURED POLYMERS
The BisA material selected for this study has an epoxy equivalent of 182-192 g/eq and was obtained from Huntsman, Duxford, Cambridge, UK. CHDG has a lower molar mass but is more flexible than BisA and, as will be demonstrated in the course of this paper, has a lower glass transition temperature (T g ). The photo-cure is initiated by a photoacid generator (PAG), in this case. The PAG and CHDG materials were obtained from Aldrich Chemical Co., Poole, Dorset, UK. The chemical structures of the BisA and CHGD monomers and the PAG material are shown in Figure 1 . The structures of the monomers will lead to a variation in the resultant polymers.
The BisA material, with the rigid aromatic ring structure, should result in higher values of acoustic velocity -when compared to the more flexible CHDG material. This will be discussed in more detail with reference to the measured data sets in the subsequent section of this paper.
All of the materials were used in the form as supplied by the manufacturer. The solutions were prepared by thoroughly mixing 20 g of the monomer with 0.4 g of PAG and the mixture degassed under vacuum until no further bubbles were observed. Samples were prepared for study by placing 6.5 g of the mixture in a mould manufactured from polytetrafluoroethylene (PTFE), having interior dimensions of 50mm diameter and 6mm depth.
The mould was irradiated using a LIDAM Scientific ultraviolet (UV) lamp, at wavelength of 368 nm and 5 mW/cm 2 intensity. The thickness of the film was increased by subsequently curing 6.5 g aliquots of solution until the desired thickness was achieved. Samples of BisA and CHDG homopolymers were manufactured using this method, together with a range of samples containing a range of volume fractions of BisA in CHDG. It is important to note that the samples containing a volume fraction of BisA in excess of 49 % were heated to 60°C before degassing to reduce the viscosity and allow any entrained air to be removed.
Samples of filled materials were manufactured using two different particles. To create low impedance materials Expancel PVDF hollow microspheres of 60 m diameter and a density of 60 kg/m 3 were used. Specimens were prepared using 10 g of CHDG with 0. 
III. ACOUSTIC VELOCITY MEASUREMENTS
Measurements were made at 500 kHz by a through transmission method [19, 21, 25, 26, 27, 28] . wave velocities will now be described.
A. Determination of acoustic velocity
The longitudinal velocity was determined using a pair transducers, each having a centre frequency of 500 kHz and a 6 dB bandwidth of 200 kHz, with the sample configured such that the transmitted wavefront would be normally incident on the sample. The transducer and specimen were arranged to be axially aligned as shown in Figure 2 , and detailed in the 
Determination of the shear wave velocity is carried out in a similar fashion; the sample is rotated until only the shear wave is propagated in the sample. This condition will not occur if c i is greater than c l , in the case of polymer material this is often the case and is the reason for employing the low velocity coupling medium Krytox rather than water in the experimental arrangement. As before acquiring signals transmitted through the coupling liquid, both without the sample and with the sample in place under conditions of shear wave propagation cross correlation can be employed to determine the time difference for shear wave propagation in the sample, t s . An expression for t s can be written as follows [28] 
Where c s is the shear wave velocity in the sample and  i is the incident angle at which the signal was acquired, determined from the rotary stage, c s in the sample can be found using a numerical solution of Equation 5 . Since the materials under study are isotropic, the complete compliance and stiffness matrices and the salient moduli of the material be calculated from c l and c s and the sample density, ,. [31, 32] .
B. Experimental Measurement of Acoustic Properties
For convenience, the experimental methodology for the determination of the longitudinal and shear wave velocities and attenuation will be described using a sample of photocured CHDG.
The data obtained for the other samples will then be presented in tabular form.
Figure 2 Photograph of the experimental apparatus
The transducers employed in the measurements were a pair of matched devices, operating at 500 kHz with a 6 dB bandwidth of 200 kHz, supplied by Alba Ultrasound Ltd, Glasgow, Scotland. The sample is positioned in the far-field of both devices, in order to approximate plane wave conditions.
The CHDG sample was placed in the sample holder -this was carried out on a surface table to ensure that the sample was correctly aligned in the holder. The sample holder was then mounted in the apparatus, with the sample axially aligned with the transducers. The angle was then adjusted to ensure the sample faces were parallel with the transducer faces under conditions of normal incidence. The velocity of the coupling medium and the signal transmitted through the coupling medium alone were recorded using the digitising oscilloscope. In the remainder of the analysis, this signal will be termed the reference signal. With the sample under consideration between the transducers, the signal transmitted through the specimen was recorded at normal 
C. Determination of Longitudinal and Shear Wave Attenuation
Since the velocities in the material have been determined, the appropriate velocity data can then be used in order to determine the attenuation of the individual wave types by employing a methodology similar to that reported by Selfridge [29] , extended to consider oblique incidence [28] and so include the contribution of mode conversion at the fluid-solid boundary at the front-face of the sample and solid-fluid interface at the rear of the sample.
Following Brekhovskikh [30] , the transmission coefficient for a fluid coupled isotropic solid layer, for lossless longitudinal waves can be written 
where  l and  s are the attenuation factors in nepers per metre of the longitudinal and shear waves, respectively. These equations can then be used to determine attenuation of the longitudinal and shear waves, since the appropriate acoustic velocities in the sample can be determined using the method presented previously. The experimentally measured transmitted amplitude data for both the longitudinal and shear waves can then be compared to the theoretically determined transmission coefficient of the associated wave type using Equations 10 and 11. The loss term in the appropriate equation can then be adjusted order to determine the attenuation of the wave type propagating in the sample as a function of incident angle.
In order to quantify attenuation in the sample, the velocity of the coupling medium was measured, as was the peak-to-peak voltage of the signal transmitted through the coupling medium. The sample was then aligned in the holder as before and the peak-to-peak voltage of the signal transmitted through the sample measured using the oscilloscope, from normal incidence over a range of incident angles large enough to encompass both longitudinal and shear wave propagation in the sample, with measurements taken at one-degree intervals. The experimental data obtained undergoes numerical manipulation to account for the amplitude of the reference signal, such that the amplitude incident at the sample can be considered to be unity.
The theoretical transmission coefficient was calculated from the appropriate velocities and densities over the angular range of interest using Equations 10 and 11. The theoretical and experimental data is plotted together for comparison. The figure for attenuation of each wave type,  l and  s in Equations 10 and 11, respectively, is then adjusted and the theoretical transmission coefficient recalculated and compared to the experimentally measured data. This process is repeated until the best fit is obtained between the theoretical and experimental data. Figure 3 are determined from the accuracy of measuring the peak-to-peak voltage using the oscilloscope. The curve fitting approach, covering the complete data set, produces a more robust result since the entire range of incident angles is being considered. In the case of the CHDG material the longitudinal and shear wave attenuation were found to be 573 dB/m and 6228 dB/m at 500 kHz. The measurements were undertaken at this frequency, since the materials were intended for use in device designs with a nominal centre frequency of 500 kHz. The methodology described, is applicable across a wide range of frequencies, only the pair of transducers need to be substituted in order to perform measurements at different frequencies. It is important to note, that the attenuation in the materials under investigation would increase with increasing frequency. In addition, velocity dispersion will also be observed as the centre frequency of the measurement is altered, although to a significantly lesser extent than in the case of loss [32] . 
D. Acoustic and Mechanical Properties of Polymer Blends
In this paper we are interested in measuring the variation of physical properties for CHDG Bis A blends. The data presented in Table 1 are for a range of formulations -the 0% volume fraction BisA in CHDG represents the CHDG homopolymer. The density data detailed in Table 1 was determined using a flotation method [21] . The density of the mixture for which the polymer sample just floats was determined using an Anton Paar Digital DMA601 density-measuring cell and a DMA60 density meter (Stanton Redcroft, London). A saturated solution of potassium bromide was used for measurements on the high-density materials and a mixture of nhexane/dichloromethane was used for low-density materials. The experimentally determined data detailed in Table 1 was subject to uncertainty analysis determined by propagation of errors [33] for Equations 4 and 5 and the associated calculations for acoustic impedance and elastic moduli [31] in order to determine the error bars that will be employed in the ensuing Figures. 14 As would be expected, the elastic moduli of the materials detailed in Table 1vary linearly with the material composition and can be described by an equation of the form:-
where eff E is the Young's modulus of a composition of two polymers, P 1 and P 2 , Young's moduli in the pure state are represented by E 1 and E 2 , respectively, and  is the volume fraction of P 1 in the composition. Expressions, taking the same form as Equation 12 , can be written for both the shear and bulk moduli. Figure 4 illustrates the experimentally determined values for the Young's, shear and bulk moduli of the materials described in Table 1 and compares each data set to the respective mixing rule.
In each case effective modulus is calculated using the mixing rule and the appropriate Modulus, Pa
Figure 4 Comparison of experimentally determined moduli as the composition is varied,  Bulk modulus,  Young's modulus,  Shear modulus and data derived from the mixing rule. Error bars determined by propagation of uncertainty
In a similar fashion, an expression for the variation in density as a function of the composition can be written as follows,
Where eff  is the density of the composition;  1 and  2 are the densities of the component polymers P 1 and P 2 in the pure state, respectively. As before  is the volume fraction of P 1 in the composition. Since the intended application of the materials is in the construction of acoustic matching layers it is of interest to derive and expression for the variation in velocity and hence acoustic impedance. The bulk and shear moduli of an isotropic material can be expressed in terms acoustic velocities as follows [23]         
16
Where K is the bulk modulus and G is the shear modulus and the other symbols are as previously defined. An expression for longitudinal velocity can be written as follows
Employing Equations 12, 13 and 15 and the appropriate moduli and density data for BisA and CHDG in the pure state, the variation in acoustic impedance as a function of composition can be determined -the experimentally determined data and that calculated using the mixing rule are shown in Figure 5 . Impedance, MRayls
Figure 5 Variation in acoustic impedance of the polymer blend as the composition is varied
 Measured Acoustic Impedance and Acoustic Impedance data derived from the mixing rule.
Error bars determined by propagation of uncertainty
Considering the acoustic impedance data, detailed in Table 1 and plotted in Figure 5, indicates that it is possible to achieve impedances in the range 2 to 3 MRayls by choosing appropriate proportions of monomers in the mixture. The longitudinal and shear attenuation however, shows a more complex variation as a function of composition. 
Thermal Analysis of Polymer Blends
To further investigate the materials dynamic mechanical thermal analysis (DMTA) and differential scanning calorimetry (DSC) was also employed. The results of these analyses for the BisA -CHDG blends will now be described. A Polymer Laboratories DMTA (Church Stretton, Cheshire, UK) was used to measure the modulus and loss over the temperature range from -140 to 150 0 C at an oscillatory frequency of 1 Hz using a single cantilever mode. Measurements were performed using strips 4 mm wide, 1.5 to 2 mm thick and 25 mm in length. A clamp torque from 10 to 40 N was used, depending on the hardness of the sample at room temperature. The method used has been described previously [21, 34] . DMTA analysis of samples with 0 -100% volume fraction of BisA are shown in Figure 7 , where the 0% volume fraction BisA represents 100% CHGD. The low temperature modulus decreases with increasing CHDG content, apart for the initial 18 20% volume fraction BisA that exhibits a higher value. The Tg is also increased for this sample and then decreases progressively with increasing CHDG content. Similar behaviour was observed for variation of the rubbery modulus. The tan plots indicate that the glass transition becomes broader as the amount of CHDG is increased. The boatchair isomerisation of polymers containing cyclohexane groups has been studied previously using DMTA for various polymers containing cyclohexane groups [35] . The location of the tan  peaks for the CHDG ring, Figure 7 (b), occurs at a significantly higher temperature than that for polycyclohexylmethacrylate, wherein the tan  peaks occurs at -100 o C [35] . In the CHDG material the peak in tan , occurring at approximately 0 o C, reflects the restrictions imposed by the cyclohexane ring being linked at both ends into the matrix. Incorporation of the cyclohexane ring of the CHDG in the BisA matrix produces plasticization, as a result there is a progressive decrease in the temperature at which the peak in tan  occurs with increasing CHDG content.
DSC measurements were performed using a TA Q1000 DSC instrument (TA Instruments, Crawley, UK). A sample of polymer, nominal mass 5mg, was placed in a sealed aluminium pan and heated from -50 to 150 °C at a rate of 10 °C per minute under a flow of 20ml.min -1 of nitrogen gas. As before, the method used has been described previously [16, 34] . The results of the DSC analysis for the 0 -100 % volume fraction of BisA are shown in Figure 8 . The data confirm the decrease in the Tg with increasing CHGD content. A stress peak is observed for the 60, 80 and 100% volume fraction BisA just after the glass transition temperature reflecting the effects of shrinkage of the sample during the polymerisation process. The more flexible CHDG does not exhibit this peak indicating that stress relaxation can occur more readily as a result of increased flexibility. To summarise, for acoustic data measured at 500 kHz, the salient elastic moduli and attenuation coefficients, for a range of binary photocured epoxy systems have been presented. The velocity and elastic moduli are shown to follow a general linear trend as a function of polymer composition. Analysis of the attenuation exhibited by the range of materials is found to be in line with the T g data. A range of materials with specific acoustic impedance in the range 2-3 MRayls have been described. These materials are of use in the construction of piezoelectric probes. In order to further explore the range of elastic properties that can be achieved, 0-3 connectivity composite materials based on the photocured systems already described were prepared. The type of particulate addition to the resin will determine whether the 0-3 connectivity material undergoes an increase or decrease in the specific acoustic impedance, from that of the pure resin. The addition of air filled microspheres and inorganic salts of barium have been investigated and the behaviour of these materials will now be dealt with in turn.
IV. LOW DENSITY FILLED SYSTEMS
To investigate the potential of the photocured resin systems to produce materials exhibiting low acoustic impedance, a number of formulations incorporating low density Expancel microspheres, obtained from Boud Minerals (Sutton Bridge, Lincolnshire, UK), were investigated. Expancel microspheres comprise polyvinylidene fluoride (PVDF)
shell filled with a gas. A range of samples were prepared using the CHDG material as the host matrix and the percentage of Expancel spheres incorporated in the resin varied in the range 16-49 % volume fraction. For low filler loadings, when the polymerization was carried out with the pure monomer, phase separation was observed in the resulting cured polymer. To avoid this problem, the resin was pre-polymerized to increase the viscosity so that phase separation did not occur. This phenomenon will be discussed in more detail in relation to the DMTA of these materials. It is also important to note that it was not possible to create viable films with greater than 49 % volume fraction of Expancel. At such loadings the polymerisation was inhibited by the large volume of Expancel in the formulation. As before, the mechanical properties of the materials were measured using the through transmission method. Table 2 summarises the results. The incorporation of the microspheres leads to the predicted reduction in impedance. The longitudinal attenuation in these materials is very high, and increases with increasing microsphere content -the attenuation reflects multiple scattering of the sound wave propagating in the samples. Similar phenomena have been observed for polymers loaded with glass spheres [36] and talc filler [37] . In the materials presented the wavelength is in the range 2.9 -3.4 mm and the Expancel dimensions were in the range 20-40 m. The reductions in the density and acoustic impedance are varying approximately linearly with the filler content. The minimum acoustic impedance reached is 0.88 MRayls, which is low enough for the design of a matching layer for an air coupled piezoelectric composite transducer [3] . The increasing levels of attenuation in the microsphere filled materials will affect the performance of such a matching layer. Therefore, it is necessary to balance the reduction in acoustic impedance with the increasing attenuation. Yano et al [3] have demonstrated improved air coupled transducers employing matching layer materials with acoustic attenuation in the range 3000-10000 dB/m, significantly higher levels of acoustic attenuation than observed in the current context.
As has already been stated, visual observations of the microsphere filled materials indicated that phase separation occurred at low microsphere loadings. The acoustic characterisation method employed, essentially measures the properties of the bulk of the material, with any variations in the formulation averaged out in the measurement. In order to investigate the properties of the materials in more detail, DMTA of these samples was carried out. The traces are shown in Figure 9 . The lower temperature peak is that of the CHDG resin. The single peak associated with the CHDG resin indicates that the microspheres were evenly dispersed though the polymer system. As has already been stated, this was achieved by pre-polymerising the resin to increase the viscosity and so prevent separation of the two phases. A dual peak in this region of the DMTA would indicate phase separation, with one peak being related to the resin rich part of the material and the other a microsphere rich part of the sample.
Therefore, the homogeneity of the materials is inferred from the DMTA trace. As the percentage of the filler is increased, both the low and high temperature moduli of the 24 materials decrease. In general the Tg of the different systems are similar, but Tg is lowered significantly once the addition of the microspheres is increased above 43% volume fraction.
V. HIGH DENSITY FILLER
Attaining polymer-particle systems with a range of acoustic impedance is of interest in a number of applications in transducer design and manufacture, examples of which have been previously described in the preceding sections of this paper. Typically, such materials comprise tungsten particles in a polymer matrix with high values of specific acoustic impedance being attained [12] . Particle loaded polymer systems incorporating other metallic or metallic oxide particles have been reported in the literature [38, 39] . In the current context the use of tungsten to modify the impedance of the base resin was not possible since it inhibited the photocure of the polymer. In an attempt to achieve polymer particle composites exhibiting increased acoustic impedance, a high-density inorganic salt, BaSO 4 having a density of 4400 kg.m -3 , was incorporated into the BisA homopolymer. BaSO 4 was selected since it is readily dispersed in the monomer and has a low UV absorbance and hence will not impede the cure of the resin. This system allows for materials with varying volume fractions of filler to be realised. Samples with BaSO 4 volume fraction in the range 13-39% were synthesised. Table 3 details the elastic properties of the materials determined by the through transmission method at 500 kHz.
Considering the longitudinal wave velocity data in Table 3 , at low volume fractions of BaSO 4 the velocity initially decreases from that of the base resin. This is a consequence of the particle inclusions in the polymer causing the scattered propagating wave front to negotiate a more tortuous path than in the base resin. As the filler content is increased particle contiguity means that the energy will navigate a more straight forward path through the material and the longitudinal velocity will increase. This is a common phenomenon in such particle loaded systems [40] . The dominance of the density in 
Error bars determined by propagation of uncertainty
Further investigation of the BaSO 4 loaded polymer was undertaken using DMTA and DSC. Figure 11 details the DMTA data, where the addition of the BaSO 4 lowers the low temperature modulus but increases the modulus above the glass transition temperature of the material. It appears that the BaSO 4 is able to disrupt the formation of the highly crosslinked epoxy matrix leading to a lowering of the low temperature modulus, but the interactions between the resin and the filler enhance the modulus in the rubbery region.
The DSC analysis, presented in Figure 12 , indicates the presence of a postcure peak in gives rise to a significant increase in the acoustic attenuation which needs to be recognised when incorporating these materials into a probe design. Moreover, the scattering effects of the highly loaded hollow spheres must also be recognised. Finally, the BaSO 4 loaded materials where found to exhibit a reduction in the crosslink density as a result of the particles inhibiting the course of the reaction. Post-cure peaks were observed in the DSC analysis of some of the samples, this phenomenon should be recognised when constructing probes and the ancillary layers using such particle filled materials.
The materials described exhibit a wide range of specific acoustic impedance, ranging from 0.88 MRayls to 6.25 MRayls and as such are suitable for a wide variety of ultrasonic matching layer applications. Moreover, since these materials can all be created by UV-initiated polymerisation, the samples presented have been formed in thin film format with thicker layers created by multiple progressive layer deposition. In principle, it is feasible to employ spin coating methods to create layers with variable thickness and acoustic impedance such that an impedance gradient from the transducer to the acoustic load can be achieved. This is the subject of further study by the authors. 
